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@ A signal processing device includes a first PLL 
circuit (100) operating in synchronism with a serial 
input data signal, and a second PLL circuit (200) 



operating in synchronism with an external reference 
clock signal. The oscillation frequency of the first 
PLL circuit Is controlled by the second PLL circuit. 
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BACKGROUND OF THE INVENTION 

1 . Held of the Invention 

The present invention generally relates to PLL 
(Phase-Locked Loop) circuits, and more particularly 
to a PLL circuit which generates a clock signal 
synchronized with data signal serially transfenred 
and signal processing such as a PLL circuit. 

Generally, data is serially transmitted over a 
single transmission line. In order to receive a data 
signal serially transmitted, it is necessary to gen- 
erate a clock signal which is synchronized with the 
data signal, more specifically, which has a fre- 
quency and phase coinciding with those of the 
received data signal. 

2. Description of the Prior Art 

Fig. 1 is a block diagram of a configuration 
which generates a clock signal from a serial data 
signal serially transmitted and synchronized with 
the received serial data signal. A frequency extract- 
ing unit 10 extracts a frequency component of the 
clock signal from a serial input data signal Ds in 
which data "0" and "1" occur irregularly. A SAW 
(Surface Acoustic Wave) filter 12 filters the fre- 
quency component of the clock signal, and gen- 
erates therefrom the clock signal synchronized with 
the input data signal Ds. 

Fig. 2 is a block diagram of another configura- 
tion using a PLL circuit. Generally, the PLL circuit 
is capable of generating a clock signal from a 
certain clock signal, the former clock signal being 
synchronized with the latter clock signal and having 
a frequency equal to that of the latter clock signal 
or an integer multiple of the frequency of the latter 
clock signal. Recently, there has been considerable 
activity in applications of the configuration shown in 
Fig. 2 rather than the configuration shown in Rg. 1. 
The configuration shown in Fig. 2 is an application 
of the PLL circuit directed to generating the clock 
signal from the serial input data signal. The PLL 
circuit shown in Fig. 2 includes a phase comparator 
20, a loop filter 30, a voltage controlled oscillator 
(VCO) 40 and a frequency divider 50, The phase 
comparator 20 compares the phase of the serial 
input data signal Ds with that of a clock signal CLK, 
and outputs a signal dependent on the phase dif- 
ference. The loop filter 30 integrates the signal 
indicating the phase difference, and generates a 
control voltage Vc therefrom. The control voltage 
Vc is output to the VCO 40, which oscillates at a 
frequency Vc defined by the control voltage Vc. 
The frequency divider 50 divides the oscillation 
frequency and thereby outputs the clock signal 
CLK. 



As shown in Rg. 2. the phase comparator 20 is 
made up of a delay circuit D. an OR circuit (gate) 
0R1, and NOR circuits (gates) N0R1 and N0R2. 
Fig. 3 is a timing chart of the operation of the 

5 PLL circuit shown in Fig. 2. In Rg. 3, symbols N1 
through N6 respectively denote signals at nodes 
N1 through N6 shown in Rg. 2. Further, the ex- 
pressions shown in the parentheses indicate the 
logical expressions showing the corresponding gate 

10 circuits. For example, the phrase "N3 (= N1 +/N2: 
where symbol "/" denotes bar indicative of the 
inverted version of the signal (N2 in this example))" 
denotes the output signal of the OR gate 0R1 , and 
means the result of the OR operation on the signal 

75 N1 (input data signal Ds) and the inverted version 
of the signal N2 delayed by the delay circuit D. 

The OR circuit 0R1 defines, each falling edge 
of the input data signal Ds, a compare window (the 
period during which the signal N3 is low) used to 

20 compare the phase of the clock signal CLK and the 
phase of the input data signal Ds. The NOR circuits 
N0R1 and N0R2 perform the NOR operation on 
the compare window signal (low level) N3 and the 
clock signal CLK, and respectively generate an fup 

25 signal (leading pulse signal) N5 and an fdown signal 
(a lagging pulse signal) N6. These signals N5 and 
N6 are applied to corresponding terminals of the 
loop filter 30, which separately integrates the fup 
signal N5 and the fdown signal N6, and outputs the 

30 result of the above integration to the VCO 40. 
When the value of the integration of the fup signal 
N5 is greater than that of the integration of the fdown 
signal N6, the loop filter 40 outputs the control 
voltage Vc which increases the oscillation frequen- 

35 cy of the VCO 40. When the value of the integra- 
tion of the fup signal N5 is less than that of the 
integration of the fdown signal N6, the loop filter 40 
outputs the control voltage Vc which decreases the 
oscillation frequency of the VCO 40. 

40 In the case shown in Fig. 3, the sum of the 
putse widths of the fup signal N5 in cycles PI 
through P6 is greater than that of the pulse widths 
of the fdown signal N6 in the same cycles as men- 
tioned above. Hence, the loop filter 30 generates 

45 the control voltage Vc which functions to increase 
the oscillation frequency of the VCO 40. Hence, the 
oscillation frequency becomes higher and the PLL 
circuit is operationally locked when the sum of the 
pulse widths of the fup signal N5 becomes equal to 

50 that of the putse widths of the fdown signal N6. That 
is, the PLL circuit is locked when the phase of the 
rising edge of the clock signal CLK coincides with 
the center of the compare window N3. 

In general, the frequency component of the 

55 clock signal generated from the input data signal 
Ds is twice the frequency (data transmission rate) 
of the data signal. Even in the example shown in 
Fig. 3, the frequency of the clock signal CLK is set 
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to be twice the frequency of the data signal. With 
the above setting of the frequency of the clock 
signal CLK, It Is possible to ensure that the rising 
edge of the clock signal CLK Is present within the 
compare window N3 without exception. 

However, the PLL circuit shown In Fig. 2 has 
the following disadvantages. 

First, the PLL circuit is suitable for applications 
in which a clock signal is processed as an input 
signal in which binary values "0" and "1" repeat- 
edly appear regularly. However, the PLL circuit is 
not suitable for a data signal in which binary values 
"0" and "1" appear irregularly. More particularly, In 
the example shown in Fig. 3, the phase comparison 
is performed in the cycles P1, P3 and P6. The 
nature of the data signal allows the Input data 
signal Ds to be fixed to "0" or "1" for a long time. 
During this time, the compare window N3 cannot 
be generated and the phase comparing operation 
cannot be executed. As a result, it is impossible to 
control the VCO 40 during the above time period 
and compensate for variations in the environment 
such as variations in the temperature and the pow- 
er supply voltage. When the next data Is received, 
there may be large deviations in the oscillation 
frequency and phase of the clock signal, and it will 
take a long time for the PLL circuit to be operation- 
ally locked. It is thus concluded that the PLL circuit 
shown in Fig. 2 is applicable only to a limited 
communication In which data is not interrupted 
frequently. 

Second, as has been described previously, the 
clock signal CLK for use In phase comparison is 
needed to have a frequency equal to twice the 
frequency of the data signal. Recently, there has 
been considerable activity in Improvements in the 
data transmission rate In order to transmit a large 
amount of data at high speeds. As the transmission 
rate becomes higher, the frequency of the clock 
signal equal to twice the transmission rate be- 
comes higher. However, as the frequency of the 
clock signal becomes higher, a larger amount of 
energy is consumed, and the crosstalk becomes 
larger when transferring signals on a printed circuit 
board. From the above viewpoints, it is desired to 
provide a PLL circuit capable of performing the 
phase comparing operation using a clock signal 
having a frequency equal to that of the data signal. 
However, as will be described in detail below, a 
problem will occur in which it is no longer ensured 
that the rising edge of the clock signal CLK is 
present within the compare window N3 without 
exception. The above problem will be described 
below in conjunction with Fig. 4. 

Fig. 4 is a timing chart of an operation in which 
the frequency of the clock signal CLK (N4) Is set 
equal to that of the input data signal Ds. In the 
cycles P1 and P3, the pulse width of the fup signal 



is greater than that of the fdown signal, and thus the 
VCO 40 is operated so that its oscillation frequency 
becomes high. However, in the cycle P6, the pulse 
width of the fdown signal N6 Is greater than that of 

5 the fup signal N5. and thus the VCO 40 is reversely 
operated so that its oscillation frequency becomes 
low. In other words, when the falling edge of the 
clock signal CLK is present within the compare 
window N3, the reverse relationship l>etween the 

10 fup signal N5 and the fdown signal N6 occurs, and 
the loop filter 30 is notified of the above reverse 
relationship. Hence, it Is impossible to lock the PLL 
circuit in synchronism with the phase of the input 
data signal Ds. 

75 

SUMMARY OF THE INVENTION 

It Is a general object of the present invention to 
provide a signal processing device having a PLL 
20 circuit in which the above disadvantages are elimi- 
nated. 

A more specific object of the present invention 
Is to provide a signal processing device having a 
PLL circuit capable of stably and precisely generat- 
25 ing a clock signal synchronized with a serial data 
signal with a low power consumption. 

The above objects of the present invention are 
achieved by a signal processing device compris- 
ing: 

30 a first PLL circuit operating in synchronism 

with a serial input data signal; and 

a second PLL circuit operating in synchronism 
with an external reference clock signal. 

an oscillation frequency of the first PLL circuit 
36 being controlled by the second PLL circuit. 

The above objects of the present invention are 
also achieved by a signal processing device com- 
prising: 

phase comparing means for comparing a 
40 phase of a serial input data signal with a phase of a 
clock signal and generating a leading pulse signal 
and a lagging pulse signal dependent on a phase 
difference indicated by a result of a phase com- 
parison; 

45 loop filter means for integrating the leading 

pulse signal and the lagging pulse signal and for 
generating a control signal; and 

oscillator means for generating the clock signal 
which has a frequency Identical to that of the serial 
50 input data signal and is varied in accordance with 
the control signal, and 

wherein the phase comparing means com- 
prises: 

first gate means for generating a phase com- 
55 pare window signal for each rising or falling edge 
of the serial input data signal; 

second gate means for generating the leading 
pulse signal and the lagging pulse signal on the 
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basis of the phase compare window signal and the 
clock signal; and 

detection/selection means for detecting an 
edge of the clock signal within phase compare 
window indicated by the phase compare window 
signal, outputting the leading putse signal and the 
lagging pulse signal to the loop filter means without 
any modification when a predetermined first one of 
the rising edge and falling edge of the clock signal 
is detected, and for outputting the leading pulse 
signal and the lagging pulse signal, as a lagging 
pulse signal and a leading pulse signal, to the loop 
filter means when a predetermined second one of 
the rising edge and falling edge of the clock signal 
Is detected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the 
present invention will become more apparent from 
the following detailed description when read in con- 
junction with the accompanying drawings, in which: 

Fig. 1 is a block diagram of a conventional clock 

generating circuit; 

Fig. 2 is a block diagram of another conventional 

clock generating circuit using a PLL circuit; 

Fig. 3 is a timing chart of the normal operation 

of the circuit shown in Rg. 2; 

Fig. 4 is a timing chart of a defective operation 

of the circuit shown in Rg, 2; 

Fig. 5 is a block diagram of the principle of the 

present invention; 

Fig. 6 is a block diagram of a first embodiment 
of the present invention; 

Fig. 7 is a block diagram of a second embodi- 
ment of the present invention; 
Fig. 8 is a circuit diagram of a non-stable mul- 
tivibrator shown in Fig. 7; 
Fig. 9 is a block diagram of a first version of the 
second embodiment of the present invention; 
Fig. 10 is a circuit diagram of an essential part 
of the configuration shown in Fig. 9; 
Fig. 11 is a block diagram of a second version 
of the second embodiment of the present inven- 
tion; 

Fig. 12 is a circuit diagram of an essential part 
of the configuration shown In Fig. 1 1 ; 
Fig. 13 Is a block diagram of a third version of 
the second embodiment of the present Inven- 
tion; 

Fig. 14 is a block diagram of a third embodi- 
ment of the present invention; 
Fig. 15 is a block diagram of a first version of 
the third embodiment of the present Invention; 
Fig. 16 is a circuit diagram of one stage of a 
ring oscillator shown in Fig. 15; 
Fig. 17 is a block diagram of the ring oscillator 
shown in Rg. 15; 



Fig. 18 Is a block diagram of a second version 
of the third embodiment of the present inven- 
tion; 

Fig. 19 Is a block diagram of a third version of 
5 the third embodiment of the present invention; 

Fig. 20 is a block diagram of a fourth version of 
the third embodiment of the present Invention; 
Fig. 21 Is a block diagram of a first application 
of the first through third embodiments of the 
10 present invention; 

Fig. 22 is a block diagram of a second applica- 
tion of the first through third embodiments of the 
present invention; 

Fig. 23 Is a block diagram of a third application 
15 of the first through third embodiments of the 
present invention; 

Fig. 24 Is a block diagram of a fourth application 
of the first through third embodiments of the 
present Invention; 

20 Fig. 25 is a diagram of a preferable power 
supply system used for the first through third 
embodiments of the present invention; 
Fig. 26 is a schematic plan view of an essential 
part of a chip having a shield structure used for 

25 the first through third embodiments of tiie 
present invention; 

Fig. 27 is a block diagram of a PLL circuit 
including a phase comparator to which the first 
through third embodiments of the present Inven- 

30 tion can be applied; 

Fig. 28 is a timing chart of the operation of the 
PLL circuit shown In Fig. 27; 
Fig. 29 Is a block diagram of a PLL circuit 
including a phase comparator having another 

35 configuration to which the first through third em- 
bodiments of the present invention can be ap- 
plied; 

Fig. 30 is a timing chart of the operation of the 
PLL circuit shown in Fig. 29; 
40 Fig. 31 is a block diagram of a PLL circuit 
including a phase comparator having yet an- 
other configuration to which the first through 
third embodiments of the present invention can 
be applied; 

45 Fig. 32 Is a timing chart of the operation of the 

PLL circuit shown in Fig. 31; 

Fig. 33 is a block diagram of a first application 

of the PLL circuits shown in Figs. 27. 29 and 31; 

Fig. 34 is a timing chart of a second application 
50 of the PLL circuit shown in Figs. 27, 29 and 31. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

55 The principle of the present Invention will now 
be described with reference to Fig. 5. 

A signal processing device using a PLL ac- 
cording to the present invention includes two PLL 
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circuits consisting of a first PLL circuit 100 and a 
second PLL circuit 200. The first PLL circuit 100 
receives the serial input data signal Ds, and op- 
erates in synchronism with the signal Ds. The 
second PLL circuit 200 receives an external refer- 
ence clock signal ECLK, and operates in synchro- 
nism with the signal ECLK. The external reference 
clock signal ECLK can have a frequency greatly 
lower than the frequency of the input data signal 
Ds. The second PLL circuit 200 is locked in a state 
in which the second PLL circuit 200 is synchro- 
nized with the external reference clock signal 
ECLK. A control signal within the second PLL cir- 
cuit 200 obtained at the above time (more particu- 
larly, a signal applied to an oscillator built in the 
second PLL circuit 200) is applied to the first PLL 
circuit 100 (more particularly, an oscillator built in 
the first PLL circuit 100). so that the oscillation 
frequency is controlled by the above signal as well 
as the input data signal Ds. 

The oscillation frequency of the first PLL circuit 
1 00 is controlled on the basis of whether the falling 
edge or the rising edge of the clock signal for use 
in phase comparison appears within a compare 
window generated from the input data signal Ds 
within the first PLL circuit 1 00. 

The second PLL circuit 200 operates in syn- 
chronism with the external reference clock signal 
ECLK having a regularity, and is hence capable of 
stably operating without influence of the peripheral 
environment. The control signal obtained in the 
above state and used to control the oscillation 
frequency of the second PLL circuit 200 is applied 
to the first PLL circuit 100 as a signal for control- 
ling the oscillation frequency in the first PLL circuit 
100. Hence, the oscillation frequency of the first 
PLL circuit 100 is substantially determined by the 
control signal from the second PLL circuit 200 first, 
and is determined by the phase comparison with 
the input data signal Ds second. 

It will now be assumed that the transmission bit 
rate of the input data signal Ds is M (bps) and the 
oscillation frequencies of the first PLL circuit 100 
and the second PLL circuit 200 are M (Hz). Hence, 
even if the input data signal Ds is not received, the 
first PLL circuit 100 stably operates at the oscilla- 
tion frequency determined by the second PLL cir- 
cuit, that is, M (Hz). When data is received in the 
above state, the first PLL circuit 100 controls the 
oscillation frequency and the phase so as to os- 
cillate in synchronism with the input data signal Ds. 
In the ideal state, the oscillation frequency is al- 
ready equal to the data transmission bit rate. 
Hence, only the phase is controlled. In the above 
case, the frequency of the external reference clock 
signal ECLK may be equal to M/N where N is an 
integer. 



Further, the aforementioned second problem 
can be overcome because the oscillation frequency 
of the first PLL circuit 100 is controlled on the basis 
of whether the rising edge or the falling edge of the 

5 clock signal for use in phase comparison appears 
within the compare window generated from the 
input data signal Ds within the first PLL circuit 100. 

A description will now be given of embodi- 
ments of the present invention. 

10 Fig. 6 is a block diagram of a first embodiment 
of the present invention. The first PLL circuit 100 
shown in Fig. 5 has a phase comparator 110. a 
loop filter 120 and an oscillator 130. The second 
PLL circuit 200 has a phase comparator 210, a 

75 loop filter 220, an oscillator 230 and a frequency 
divider 240. When the serial input signal Ds has a 
transmission bit rate M (bps), the second PLL 
circuit 200 is operated in synchronism with the 
external reference clock signal ECLK so that the 

20 oscillator 230 built in the second PLL circuit 200 
oscillates at a frequency M (Hz). The phase com- 
parator 210 located in the loop compares the 
phase of a signal having a frequency M/N (Hz) 
obtained by dividing the oscillation frequency M 

25 (Hz) output by the oscillator 230 by N (N is an 
integer) with the phase of the external reference 
clock signal ECLK having a frequency M/N (Hz). 
Hence, the oscillator 230 can stably oscillate at 
frequency M in phase with the external reference 

30 clock signal without influence of the peripheral en- 
vironment. 

A control signal S2 output by the loop filter 220 
at the above time is applied to the oscillator 130 of 
the first PLL circuit 130. It is preferable that the 

35 oscillator 230 has a structure (circuit configuration) 
identical to that of the oscillator 130. Hence, the 
oscillator 130 of the first PLL circuit 100 which 
receives the same control signal S2 oscillates at a 
frequency approximately equal to M (Hz). In this 

40 state, the oscillation frequency of the oscillator 130 
may not be exactly the same as the frequency of 
the serial input data signal Ds. The phase com- 
parator 110 in the loop compares the phase of the 
output signal (clock signal) of the oscillator 130 

45 with the phase of the input data signal Ds. and 
controls, through the loop filter 120, the oscillator 
130 so that the phase and frequency of the clock 
signal generated by the oscillator 130 coincide with 
those of the input data signal Ds. At this time, the 

50 signal output by the loop filter 120 is applied to the 
oscillator 130 as a control signal SI. 

In the above manner, the oscillator 130 in the 
first PLL circuit 100 outputs the oscillation fre- 
quency approximately equal to the frequency of 

55 the input data signal Ds in accordance with the 
control signal S2 output by the second PLL circuit 
200, and outputs the oscillation signal having the 
same frequency and phase as those of the input 
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data signal Ds by the phase comparing operation. 
Hence, even if the input data signal Ds is not 
received, the oscillator 130 stably oscillates con- 
tinuously at the frequency M (Hz), and the oscilla- 
tion frequency can be pulled in synchronization 
with the data signal Ds received later. 

In practice, it is preferable that the oscillator 
130 of the first PLL circuit 100 and the oscillator 
230 of the second PLL circuit 200 be formed on a 
single chip. With this structure, the oscillators 130 
and 230 have the same performance, and oscillate 
at the same frequency in response to the same 
control signal S2. 

In the structure shown in Rg. 6, the oscillator 
130 oscillates at the frequency M (Hz) equal to the 
data transmission rate M (bps). It is possible for the 
oscillator 130 to oscillate at a frequency higher 
than the frequency M (Hz). In this case, the oscilla- 
tion frequency of the oscillator 130 is divided by a 
frequency divider to thereby produce the clock 
signal having the frequency M (Hz). In this arrange- 
ment, it is necessary that the oscillator 230 in the 
second PLL circuit 200 oscillates at the same fre- 
quency as that of the oscillator 130 in the first PLL 
circuit 100. 

In the above description, the clock frequency 
compared in phase with the input data signal Ds by 
means of the phase comparator 110 is equal to the 
frequency (M) of the input data signal Ds. Alter- 
natively, the clock frequency may be higher than 
(for example, 2 x M (Hz)) or lower than (for exam- 
ple, M/2 (Hz)). In the first embodiment of the 
present invention, the oscillation frequency in the 
first PLL circuit 100 is substantially determined by 
the second PLL circuit 200. Hence, the phase 
comparison can be carried out with a sufficient 
precision even when using the lock signal having a 
frequency lower than the frequency of the input 
data signal. 

Further, it is preferable that the loop gain of the 
second PLL circuit 200 be greater than that of the 
first PLL circuit 100. This is because the second 
PLL circuit 200 provides a wide variable frequency 
range to compensate for variations in the tempera- 
ture and the power supply voltage. The first PLL 
circuit 100 carries out the fine adjustment of the 
frequency approximately equal to that of the input 
data signal Ds. Hence, the first PLL circuit 100 
does not need a loop gain as large as the second 
PLL circuit 200. 

The oscillator 130 is controlled by the two 
control signals SI and S2, and the oscillator 230 is 
controlled by the single control signal S2. When 
the oscillators 130 and 230 have the same circuit 
configuration, a fixed signal is applied to the termi- 
nal of the oscillator 230 receiving the signal cor- 
responding to the control signal S2. 



Rg. 7 is a block diagram of a signal processing 
device in which the oscillators 130 and 230 are 
formed with non-stable multivibrators 131 and 231. 
respectively. A description will now be given of a 

5 second embodiment of the present invention cor- 
responding to the signal processing device in 
which the oscillators 130 and 230 are formed with 
non-stable multivibrators 131 and 231, respectively. 
In general, the non-stable multivibrator changes its 

70 oscillation frequency by changing a parameter, 
such as a current flowing therein, a capacitance 
present therein or a voltage (amplitude) developing 
across a capacitance. For example, the control 
signal S2 output by the loop filter 220 controls 

75 current I flowing in the non-stable multivibrators 
131 and 231. The signal Si output by the loop filter 
120 controls another current flowing in the non- 
stable multivibrator 131, a capacitance present 
therein or the voltage developing across a capaci- 

20 tance. In this case, parameters not used to control 
the oscillation frequency are set to constant values. 

Fig. 8 is a circuit diagram of the circuit configu- 
ration of each of the non-stable multivibrators 131 
and 231. The circuit configuration shown in Fig. 8 

25 includes transistors Tri through Tr6, a capacitor C, 
resistors R1 through R6, control terminals Tini and 
Tin2, and an output terminal Touti . A case will now 
be considered where predetermined voltages are 
applied to the control terminals Tini and Tin2 and 

30 hence the transistors Tri , Tr2, Tr5 and Tr6 are ON. 
When the transistor Tr3 is ON, the current flowing 
in the resistors R1 and R2 from a power supply 
line VCC flows to a ground line GND, on one side, 
via the transistor Tr3, and on the other side, via the 

35 capacitor C and the transistor Tr6. When the ca- 
pacitor C is charged up. the transistor Tr3 is turned 
ON, and hence its collector potential is increased. 
In response to the increase in the collector poten- 
tial, the transistor Tr4 is turned ON, and a current 

40 starts to flow to the transistor Tr4 from the power 
supply line VCC via the resistors R3 and R4. This 
current flows in the transistor Tr6, and flows in the 
capacitor C and the transistor Tr5. Hence, the 
capacitor 0 is discharged and is thereafter charged 

45 in the reverse direction. When the capacitor 0 is 
charged in the above manner, the transistor Tr4 is 
turned OFF. and its collector potential is increased. 
The above operation is repeatedly carried out, and 
an oscillation signal dependent on charging and 

50 discharging with respect to the capacitor C is out- 
put via the output terminal Touti . 

By varying the control voltage applied to the 
control terminal Tini, it is possible to control cur- 
rents 1/2 respectively flowing in the transistors Tr5 

55 and Tr6 and hence control the oscillation frequen- 
cy. By varying the control voltage applied to tiie 
control terminal Tin2, it is possible to control the 
amounts of currents respectively flowing in the 
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current paths having the transistors Tr1 and Tr2. 
Hence, by varying the magnitudes of the voltage 
drops across the resistors R1 and R2. it is possible 
to control the voltage developing across the capaci- 
tor C. The oscillation frequency can be determined 
by the control signal applied to the control terminal 
Tini even when the control voltage applied to the 
control terminal Tin2 is set to 0 V and hence the 
transistors Tri and Tr2 are turned OFF, because 
currents flow in the current paths respectively In- 
cluding the resistors R2 and R4. 

Fig. 9 shows a first version of the configuration 
shown in Fig. 7, in which current i1, which is one of 
the two currents i1 and i2 flowing in the non-stable 
multivibrator 231 , is controlled by the control signal 
S2 (in Fig. 9, the control signal S2 is particularly 
expressed as Sil). Further, the current i1 flowing in 
the non-stable multivibrator 131 is controlled by the 
same control signal Sil from the loop filter 220. 
The other current i2* flowing in the non-stable mul- 
tivibrator 131 is controlled by the control signal SI 
(in Fig, 9, the control signal SI is particularly 
expressed as Si2*). The other current i2 flowing in 
the non-stable multivibrator 231 is fixed. 

Fig. 10 is a circuit diagram of the non-stable 
multivibrators 131 and 231 shown in Fig. 9. Each of 
the non-stable multivibrators 131 and 231 has the 
same circuit configuration as shown in Fig. 8. In the 
circuit configuration shown in Fig. 10, the current 
path connected to the transistors Tr5 and Tr6 of 
the non-stable multivibrator 231 is branched into a 
current path including a transistor Tr7 and another 
current path including a transistor Tr9. Similarly, 
the current path connected to the transistors Tr5 
and TR6 of the non-stable multivibrator 131 is 
branched into a current path including the transistor 
Tr9 and another current path including a transistor 
Trio. The bases of the transistors Tr7 and Tr9 are 
supplied with the control signal Si1 from the loop 
filter 220. The base of the transistor TriO is sup- 
plied with the control signal Si2' from the loop filter 
120 via a control terminal Tin4. A constant voltage 
is applied to the base of the transistor Tr8 via a 
control terminal Tin3. 

The same currents i1 (the same magnitude) 
controlled by the control signal Sil from the loop 
filter 220 flow in the bases of the transistors Tr7 
and Tr9. Hence, the non-stable multivibrators 131 
and 231 oscillate at respective frequencies approxi- 
mately equal to each other. Since the control signal 
Si2* is applied to the base of the transistor TrIO via 
the control terminal Tin4, the oscillation frequency 
of the non-stable multivibrator 131 is varied by a 
frequency corresponding to the difference between 
the constant voltage applied to the control terminal 
Tin3 and the control signal Si2' applied to the 
control terminal Tin4. The above frequency vari- 
ation depends on the result of the phase compari- 



son carried out by the phase comparator 110. 
Hence, the non-stable multivibrator 131 produces 
the oscillation signal having the same frequency 
and phase as those of the serial input data signal 
5 Ds. 

In order to effectively perform the above-men- 
tioned control operation, it is preferable that i1 > i2 
in the oscillator 230 and i1 > i2* in the oscillator 
130. An oscillation frequency approximately equal 
70 to the desired oscillation frequency can be ob- 
tained by the current i1. and then the frequency 
and phase of the oscillation signal are made to 
completely coincide with those of the input data 
signal Ds. 

75 Fig. 11 is a block diagram of a second version 

of the configuration shown in Fig. 7, in which the 
currents I respectively flowing in the non-stable 
multivibrators 131 and 231 are controlled by the 
control signal S2 (in Fig. 11. the control signal S2 

20 is particulariy expressed as SI) from the loop filter 
220. The amplitude of the non-stable multivibrator 

1 31 (the voltage developing across the capacitor C) 
is controlled by the control signal SI (in Fig. 7, the 
control signal SI is particularly expressed as 

25 Samp) from the loop filter 120. The amplitude of 
the non-stable multivibrator 131 is fixed. 

Fig. 12 is a circuit diagram of the circuit con- 
figurations of the non-stable multivibrators 131 and 

132 shown in Fig. 11. Each of these non-stable 
30 multivibrators 1 31 and 231 has the same configura- 
tion as shown in Fig. 7. The configuration shown in 
Rg. 12 has transistors Tr7 and Tr9. The control 
signal Samp from the loop filter 120 is applied to 
the control terminal Tin2 of the non-stable mul- 

35 tivibrator 131. A constant voltage is applied to the 
control terminal of the non-stable multivibrator 231. 
The same currents I (the same magnitude) con- 
trolled by the control signal SI from the loop filter 
220 flow in the bases of the transistors Tr7 and 

40 Tr9. Hence, the non-stable multivibrators 131 and 
231 oscillate at respective frequencies approxi- 
mately equal to each other. The control signal 
Samp is applied to the control terminal Tin2 of the 
non-stable multivibrator 131. The constant voltage 

46 is applied to the control terminal Tin2 of the non- 
stable multivibrator 231. Hence the oscillation fre- 
quency of the non-stable multivibrator 131 is varied 
by a frequency corresponding to the voltage dif- 
ference between the control signal Samp and the 

50 constant voltage. The above frequency variation 
depends on the result of the phase comparison 
carried out by the phase comparator 110. Hence, 
the non-stabte multivibrator 131 generates the os- 
cillation signal having the same frequency and 

55 phase as those of the serial input data signal Ds. 

Fig. 13 is a block diagram of a third version of 
the configuration shown in Fig. 7, in which the 
vottages (amplitudes) developing across the ca- 
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pacitors C of the non-stable multivibrators 131 and 
231 are controlled by the control signal S2 (which 
is particularly expressed as Samp in Fig. 13) from 
the loop filter 220. The current I flowing in the non- 
stable multivibrator 131 is controlled by the control 
signal SI (which is particularly expressed as SI in 
Fig. 13) from the loop filter 120. The current I 
flowing in the non-stable multivibrator 131 is fixed. 
The circuit configuration of the version shown in 
Fig. 13 will be omitted here because it will be 
apparent from the previous description. However, 
when describing the circuit configuration of the 
version shown in Fig. 13 with reference to Fig. 12. 
the control signal Samp Is applied to the control 
terminals Tln2 of the non-stable multivibrators 131 
and 231, and the control signal SI from the loop 
filter 120 is applied to the base of the transistor 
Tr9. The base of the transistor Tr7 is fixed to a 
constant voltage. 

Fig. 14 is a block diagram of a signal process- 
ing device in which the oscillators 130 and 230 
shown in Fig. 6 are formed with ring oscillators 132 
and 232, respectively. A description will now be 
given of a third embodiment of the present inven- 
tion corresponding to the above configuration hav- 
ing the ring oscillators 132 and 232. In general, the 
ring oscillator changes its oscillation frequency by 
varying a current flowing therein or the amplitude 
of a signal obtained therein. For example, the con- 
trol signal S2 output by the loop filter 220 controls 
the currents I flowing in the ring oscillators 132 and 
232. The signal SI output by the loop filter 120 
controls another current or amplitude in the ring 
oscillator 132. In the above operation, parameters 
not used to control the oscillation frequency are set 
to fixed values. 

Fig. 15 is a block diagram of a first version of 
the configuration shown in Fig. 14, in which a 
current Ics flowing in the ring oscillator 232 is 
controlled by the control signal S2 (in Fig. 15, the 
control signal S2 is particularly expressed as Slcs)- 
Another current Ief flows in the ring oscillator 232. 
The current Ics flowing in the ring oscillator 132 is 
controlled by the control signal SIcs fi'om the loop 
filter 220, and the other current Ief flowing therein 
is controlled by the control signal SI (which Is 
particularly expressed as SIef in Fig. 15) from the 
loop filter 120. The other current Ief flowing in the 
ring oscillator 231 is set to a fixed value. 

Fig. 16 is a circuit diagram of one stage of a 
ring oscillator using an ECL (Emitter-Coupled Log- 
ic) circuit. As shown in Fig. 17, a plurality of ECL 
circuits (ECL1 through ECLn), each of which is 
configured as shown in Rg. 16, are cascaded to 
thereby form a ring oscillator. 

As shown in Fig. 16, the ECL circuit forming 
one stage of the ring oscillator includes transistors 
TR11 tghrough Tr19, resistors R11 through R17, 



control terminals Tinll through Tin13, input termi- 
nals Tin14 and Tin15, and output terminals Toutll 
and Tout12. If constant voltages are applied to the 
transistors Tinll, Tin12 and Tint 3 and the transls- 

5 tors TR13 and Tr14 are turned ON and OFF, re- 
spectively, the current flowing in the transistor Tr13 
flows to the ground line GND via the transistor Tr15 
(which functions as a constant-current source) and 
the resistor R15. The collector potential of the 

10 transistor Trl3 is decreased, and hence the transis- 
tor Tr17 is turned OFF, and the output terminal 
Tout12 becomes low. The base potential of the 
transistor Tr16 is approximately equal to the power 
supply voltage VCC. Hence, the transistor Tr16 is 

/6 turned ON and the output terminal Toutll be- 
comes high. When the transistors Tr13 and Tr14 
are turned OFF and ON, respectively, the collector 
potential of the transistor Tr14 Is decreased and 
the collector potential of the transistor Tr13 is in- 

20 creased. Hence, the transistors Tr16 and T17 are 
turned OFF and ON, respectively, and the output 
terminals Toutll and Tout12 become low and high, 
respectively. 

The current Ics flowing in the transistor Tr15 

25 can be varied by controlling its base potential. The 
currents flowing in the transistors Tr18 and Tr19 
can be varied by controlling the base potentials 
thereof. Further, the amplitudes of the input and 
output signals can be varied by controlling the 

30 base potentials of the transistors Tri 1 and Tri 2. 

Fig. 18 is a block diagram of a second version 
of the cinfiguration shown in Fig. 15, in which the 
current Ief flowing In the ring oscillator 232 (in 
which the current Ief also flows) is controlled by the 

35 control signal S2 (which is particularly expressed 
as SIef IN flG. 18). The current Ief flowing in the 
ring oscillator 132 Is controlled by the control sig- 
nal SIef from the loop filter 220, and the other 
current Ics flowing therein is controlled by the con- 

40 tro! signal Si (which is particularly expressed as 
Slcs in Fig. 18) from the loop filter 120. The other 
current Ics flowing in the ring oscillator 232 is fixed 
to a constant value. More particularly, the control 
signal SIef from the loop filter 220 is applied to the 

45 control terminals Tin12 (Fig. 16) of the stages of 
the ring oscillators 232 and 132. Thge control sig- 
nal Sics from the loop filter 120 is applied to the 
control terminal Tinll of the stages of the ring 
oscillator 132. A constant voltage Is applied to teh 

50 control terminal Tin1 1 of each of the stages of the 
ring oscillator 132. A constant voltage is applied to 
the control terminal Tin13 of each of the stages of 
each of the ring oscillators 132 and 232. 

Fig. 19 is a block diagram of a third version of 

55 the configuration shown in Fig. 15, in which the 
currents I flowing in the ring oscillators 132 and 
232 are controlled by the control signal S2 (which 
is particularly expressed as SI in Fig. 19). The 
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signal amplitude of the ring oscillator 132 is con- 
trolled by the control signal SI (which is particu- 
larly expressed as Sannp) from the loop filter 120. 
The sing la amplitude of hte ring oscillator 232 is 
set to a fixed value. More particularly, the control 
signal SI from the loop filter 220 is applied to the 
control terminals Tin12 (Rg. 16) of the stages of 
each of the ring oscillators 232 and 132. The 
control signal Samp from the loop filter 120 is 
applied to the control terminal Tin13 of each stage 
of the ring oscillator 132. A constant voltage is 
applied to the control terminals Tinll of the stages 
of each of the ring oscillators 132 and 232. A 
constant voltage is applied to the control terminal 
Tin13 of each stage of the ring oscillator 232, 

Rg. 20 is a block diagram of a fourth version of 
the configuration shwon in Rg. 15, in which the 
signal amplitudes of the ring oscillators 132 and 
2323 are controlled by the control signal S2 (which 
is particularly expressed as Samp in Rg. 20). The 
signal amplitude of the ring oscillator 132 is con- 
trolled by the control signal SI (which is particu- 
lariy expressed as SI in Rg. 20) from the loop filter 
120. The current flowing in the ring oscillator 232 is 
fixed to a constant value. More particulariy, the 
control signal Samp from the loop filter 220 is 
applied to the control terminals Tln13 (Rg. 16) of 
each stage of each of the ring oscillators 132 and 
232. The control signal SI form the loop filter 120 is 
applied to, for example, the control terminal Tin12 
of each stage of the ring oscillator 132. A constant 
voltage is applied to the control terminal Tin11 of 
each stage of each of the ring oscillators 132 and 
232. A constant voltage is applied to the control 
terminal Tin12 of each stage of the ring oscillator 
232. 

The configurations using the non-stable mul- 
tivibrators have been explained as the second em- 
bodiment of the present invention, and the configu- 
rations using the ring oscillators have been ex- 
plained as the third embodiment of the present 
invention. However, the oscillators 130 and 230 are 
not limited to these types of oscillators, and other 
types of oscillators can be used. 

Rg. 21 is a block diagram of a first application 
of the first through third embodiments of the 
present invention. The configuration shown in Fig. 
21 is obtained by adding a D-type flip-flop 300 to 
the configuration shown in Rg. 6. The flip-flop 300 
latches the serial input data signal Ds in synchro- 
nism with the rising edge of the clock signal having 
the frequency M (Hz) output by the oscillator 130. 
That is, the flip-flop 300 retimes the serial input 
data signal Ds. Hence, a jitter or the like can be 
eliminated from the input signal, and the clear 
signal can be reproduced. 

Rg. 22 is a block diagram of a second applica- 
tion of the first through third embodiments of the 



present invention. The configuration shown in Rg. 

22 is obtained by adding two D-type flip-flops 302 
and 304, and a selector 306 to the configuration 
shown in Fig. 6. When the input data signal Ds has 

5 ' a bit rate M (bps), the oscillators 130 and 230 
shown in Rg. 22 oscillate at frequency M/2 (Hz). 
The clock signal having the frequency M/2 (Hz) 
output by the oscillator 130 is applied to the clock 
terminal of the flip-flop 302 and the inverted clock 

10 terminal of the flip-flop 304. Hence, the flip-flops 
302 and 304 alternately latch the input data signal 
Ds in synchronism with the rising edge and the 
falling edge of the clock signal, and output the 
latched signals to the selector 306. The selector 

75 306 alternately selects either the flip-flop 302 or the 
flip-flop 304 according to the clock signal from the 
oscillator 130. Hence, the selector 306 outputs the 
retimed input data signal Ds. The configuration 
shown in Fig. 22 is advantageous to the configura- 

20 tion shown in Fig. 21 in that the oscillation fre- 
quencies of the oscillators 130 and 230 shown in 
Rg, 22 are half of those shown in Fig. 21 . 

Fig. 23 is a block diagram of a third application 
of the first through third embodiments of the 

25 present invention. The configuration shown in Fig. 

23 is obtained by adding a shift register unit 310, a 
data latch unit 320 and a frequency divider 330 to 
the configuration shown in Fig. 6. With the above 
configuration, the application shown in Rg. 23 has 

30 the function of converting the serial input data 
signal Ds into parallel data signals D01 through 
DOn. When the bit rate of the input data signal Ds 
is M (bps), the oscillators 130 and 230 shown in 
Fig. 23 oscillate at frequency M (Hz). The clock 

35 signal having the frequency M (Hz) output by the 
oscillator 130 is applied to the shift register unit 

310 and the frequency divider 330. The shift regis- 
ter unit 310 includes n cascaded D-type flip-flops 

31 1 through 31 n where n is an integer. The clock 
40 signal of the frequency M (Hz) is applied to the 

clock terminals C of the flip-flops 31 1 through 31 
A clock signal having a frequency M/n (Hz) is 
generated from the clock signal of the frequency M 
by means of the frequency divider 330. and is 

45 applied to the data latch unit 320. The data latch 
unit 320 has n cascaded D-type flip-flops 32i 
through 32n. The clock signal of the frequency M/n 
(Hz) is applied to the clock terminals C of the flip- 
flops 32i through 32n. The shift register unit 310 

50 shifts the serial input data signal Ds in synchronism 
with the clock signal having the frequency M (Hz). 
When the input data signal Ds is shifted by n bits, 
the data latch unit 320 latches n bits of the input 
data signal Ds in synchronism with the clock signal 

55 from the frequency divider 330 and outputs the 
parallel data DOl through DOn. 

Fig. 24 is a block diagram of a fourth applica- 
tion of the first through third embodiments of the 
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present invention. The configuration shown in Rg. 
24 is obtained by adding a shift register unit 330, a 
data latch unit 340 and a frequency divider 350 to 
the configuration shown in Fig. 6. With the above 
configuration, the fourth application shown in Fig. 
24 has the function of converting the serial input 
data signal Ds into parallel data signals D01 
through Don (a serial-to-parallel conversion circuit 
or a demultiplexer circuit). The fourth application 
differs from the third application in that the oscilla- 
tors 130 and 230 oscillate at frequency M/2 (Hz) 
with the bit rate of the input data signal Ds equal to 
M (bps). The M/2 Hz clock signal output by the 
oscillator 130 is applied to the shift register unit 
330 and the frequency divider 350. The shift regis- 
ter unit 350 has n cascaded D-type flip-flops 31 1 
through 31 „ where n is an integer. The n flip-flops 
31 1 through 31 „ are grouped into two groups, 
which respectively receive the serial input data 
signal Ds. This is accomplished by setting the 
frequency of the clock signal applied to the flip- 
flops 31 1 through 31 n to M/2 (Hz). The frequency 
divider 350 generates the clock signal having the 
frequency M/2n (Hz) from the clock signal having 
the frequency M/2 (Hz), and outputs it to the data 
latch unit 340. The data latch unit 340 includes n 
cascaded D-type flip-flops 34i through 34n where n 
is an integer. The clock signal having the fre- 
quency M/2n (Hz) is applied to the clock terminals 
C of the flip-flops 34i through 34^. The shift regis- 
ter unit 330 shifts the serial input data signal Ds in 
synchronism with the clock signal of the frequency 
M/2 (Hz). When the n bits of the input data signal 
Ds are shifted, the data latch unit 340 latches the n 
bits of the input data signal Ds in synchronism with 
the clock signal from the frequency divider 350, 
and outputs parallel data D01 through DOn. 

The configuration shown in Fig. 24 is formed 
on a chip 360. The chip 360 externally receives the 
serial input data signal Ds and the external refer- 
ence clock signal ECLK, and outputs the parallel 
output data DOl through DOn. As will be described 
later, the chip 360 is connected to an external 
power supply. 

As in the case of the configuration shown in 
Fig. 24, it is preferable that each of the first through 
third applications be formed on one chip. Thereby, 
two PLL circuits 100 and 200 can be simulta- 
neously produced by the same process, and have 
the same performance. It is also preferable that 
power supply systems be independently (sepa- 
rately) provided with respect to the two PLL circuits 
100 and 200. 

Fig. 25 shows preferable power supply sys- 
tems used for the first to fourth applications. As 
shown in Fig. 25. the first PLL circuit 100 is pro- 
vided between a power supply line VCC1 and a 
ground line GNDl, and the second PLL circuit 200 



is provided between a power supply line VCC2 and 
a ground line GND2. The power supply system 
including the lines VCC1 and GNDl is separated 
from the power supply system including the lines 

5 VCC2 and GND2. It is preferable that the power 
supply system including the lines VCC1 and GNDl 
is connected to a power source separately from a 
power source to which the power supply system 
including the lines VCC2 and GND2 is connected. 

10 With the above structure, it is possible to prevent 
an Interference of noises superimposed on the 
power supply systems. 

By separately providing the two power supply 
systems, it is preferable that the transistors Tr7 and 

75 Tr9 shown In Fig. 10 are driven by the same power 
supply line, that is, connected to the power supply 
line GND2 in the example shown in Fig. 25. This is 
because the control signal generated by the sec- 
ond PLL circuit 200 is also used to control the 

20 oscillator 130 of the first PLL circuit 100. 

Fig. 26 is a schematic plan view of a part of a 
chip on which the first PLL circuit 100 and the 
second PLL circuit 200 are formed. As shown in 
Fig. 26, the phase comparator 110, the loop filter 

25 120 and the oscillator 130 forming the first PLL 
circuit 100 is enclosed by a isolation area 352. 
Similarly, the phase comparator 210, the loop filter 
220 and the oscillator 230 forming the second PLL 
circuit 200 are enclosed by an isolation area 354. 

30 With use of the isolation areas 352 and 354, it is 
possible to prevent the interference between the 
first PLL circuit 100 and the second PLL circuit 
200. 

The first PLL circuit 100 and the second PLL 
35 circuit 200 may have the configuration shown in 
Fig. 2. However, in order to overcome the above- 
mentioned problems, it is preferable that at least 
the first PLL circuit 100 has the following configura- 
tion. With the following configuration, it Is possible 
40 to stably and precisely perform the phase compar- 
ing operation even when the clock signal used for 
the phase comparing operation is equal to or lower 
than the frequency of the serial input data signal 
Ds. 

45 Fig. 27 is a block diagram of a configuration in 

which the circuit configuration of the phase com- 
parator 110 applicable to the first PLL circuit 100 is 
used as a phase comparator of a PLL circuit having 
a voltage controlled oscillator (VCO) 150 and a 

50 frequency divider 160 (1/k: where k is an integer). 
By substituting the VCO 150 and the frequency 
divider 160 shown in Fig. 27 for the aforementioned 
oscillator 130, the first PLL circuit 100 is config- 
ured. In order to facilitate understanding the struc- 

55 ture and operation of the phase comparator 1 1 0, a 
description will now be given as compared with the 
PLL circuit which has been described with refer- 
ence to Figs. 2 and 4. 

10 
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The phase comparator 110 has, in addition to 
the configuration shown in Rg. 6, D-type flip-flops 
FF1 and FF2, an OR circuit 0R2, selectors SEL1 
and SEL2, and delay circuits D1 and D2. The flip- 
flops FF1 and FF2 and the OR circuit 0R2 detect 
whether or not the rising edge of the clock signal 
CLK (having the same frequency as that of the 
input data signal) from the frequency divider 160 
within the compare window N3, and controls the 
selectors SEL1 and SEL2 on the basis of the 
detection result. The selectors SELI and SEL2 
output an fup signal N5 output from the NOR circuit 
N0R1 via the delay circuit D1 and an fdown signal 
N6 output from the NOR circuit N0R2 via the delay 
circuit D2 to either an fup terminal or an fdown 
terminal of the loop filter 120. For example, in the 
cycle P6 shown in Fig. 4 (in which the falling edge 
of the clock signal is present within the compare 
window N3), the fup signal N5 is not output to the 
fup terminal of the loop filter 120 but is output to the 
fdown terminal thereof via the selector SEL2. Simi- 
larly, the fdown signal N6 in the cycle P6 shown in 
Rg. 4 is not output to the fdown terminal of the loop 
filter 120, but is output to the fup terminal thereof 
via the selector SELL The delay circuits D1 and 
D2 are used to perform a timing adjustment in- 
tended to maintain the relationship between the fup 
signal and the fdown signal by the time when the 
compare window N3 is closed (the signal N3 is 
switched to the high level). 

Fig. 28 is a timing chart of the operation of the 
PLL circuit shown in Fig. 27. The clock signal CLK 
(N4) has the same frequency as that of the input 
data signal Ds (N1). The flip-flop FF1 latches the 
clock signal CLK when the compare window signal 
N3 falls, the signal being generated each time the 
input data signal Ds falls. The flip-flop FF2 latches 
the clock signal CLK when the compare window 
signal N3 rises. The OR circuit 0R2 outputs a high- 
level select signal N9 to the selectors SELI and 
SEL2 when the rising edge of the clock signal CLK 
is detected within the compare window (while the 
compare window signal N3 is low), and outputs a 
low-level select signal N9 thereto when the falling 
edge of the clock signal CLK is detected. The 
selectors SELI and SEL2 selects the terminals D1 
when the terminals S are at the low level. Hence, in 
the cycles P2 and P4, the selectors SELI and 
SEL2 respectively output a delayed fup signal N10 
and a delayed fdown signal Nil to the fup terminal 
and the fdown terminal of the loop filter 120. In the 
cycle P7, the selectors SELI and SEL2 respec- 
tively output a delayed fdown signal Nil and a 
delayed fup signal to the fup terminal and the fdown 
terminal of the loop filter 120. 

An fup signal N12 and an fdown signal N13 
output by the phase comparator 110 are integrated 
by the loop filter 120, and the result of the integra- 



tion is output to the VCO 150. When the integrated 
value of the fup signal N12 is greater than the 
integrated value of the fdown signal N13, the VCO 
150 is controlled so as to oscillate at a higher 

s frequency. When the integrated value of the fup 
signal N12 is less than the integrated value of the 
fdown signal N13. the VCO 150 is controlled so as to 
oscillate at a lower frequency. In the example 
shown in Rg. 28, the sum of the pulse widths of 

10 the fup signal N12 is greater than that of the pulse 
widths of the fdown signal N13. Hence, the loop filter 
120 generates the control voltage which increases 
the oscillation frequency of the VCO 150. Hence, 
the oscillation frequency of the VCO 150 becomes 

75 higher, and the PLL circuit is locked when the sum 
of the pulse widths of the fup signal N12 becomes 
equal to the sum of the pulse widths of the fdown 
signal N13. That is, the PLL circuit is locked when 
the phase of the rising edge of the clock signal 

20 CLK coincides with the center of the compare 
window N3. As described above, the PLL circuit 
being considered is capable of generating the 
clock signal CLK synchronized with the input data 
signal from this input data signal. 

25 In the configurations shown in Figs. 27 and 28, 

the phase compare window is generated for each 
falling edge of the input data signal Ds. Alter- 
natively, it is possible to generate the phase com- 
pare window for each rising edge of the input data 

30 signal Ds. The configurations used in this case will 
be apparent from the previous description asso- 
ciated with Figs. 27 and 28 by a person having skill 
in the art, and a description thereof will be omitted 
here. 

35 Fig. 29 is a diagram of a simplified version of 

the phase comparator 110 shown in Fig. 27. Fig. 30 
is a timing chart of the circuit shown in Fig. 29. The 
configuration shown in Fig. 29 has a flip-flop FF1 
and two selectors SELI and SEL2 in addition to the 

40 configuration shown in Rg. 2. The configuration 
shown in Rg. 29 differs from the configuration 
shown in Fig. 27 in that the selectors SEL1 and 
SEL2 are controlled by only the output signal (se- 
lect signal) N7 of the single flip-flop FF1 . When the 

45 clock signal CLK is at the high level when the 
compare window signal N3 falls, the next edge is 
absolutely the falling edge. Hence the same effects 
as described above can be obtained only by the 
single fiip-fiop FF1. However, a decision is not 

50 made in synchronism with the rising edge of the 
compare window signal N3. Hence, the configura- 
tion shown in Fig. 29 has a less precision than that 
of the configurafion shown in Rg. 27. However, in 
the configurafion as shown in Rg. 6, the first PLL 

55 circuit 100 is at a frequency approximately equal to 
that of the input data signal Ds. Hence, the configu- 
ration shown in Fig. 29 is efficient. 
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In the configurations shown in Figs. 27 and 28, 
the phase compare window is generated for each 
falling edge of the input data signal Ds. Alter- 
natively, it is possible to generate the phase com- 
pare window for each rising edge of the input data 
signal Ds. The configurations used in this case will 
be apparent from the previous description asso- 
ciated with Figs. 27 and 28 by a person having skill 
in the art. and a description thereof will be omitted 
here. 

Fig. 31 shows a variation of the phase com- 
parator 110 shown in Fig. 27, in which an exclu- 
sive-OR circuit EX-OR is substituted for the OR 
circuit 0R1. Fig. 32 is a timing chart of the opera- 
tion of the PLL circuit shown in Fig. 31. As shown 
in Fig. 32, the selector SEL1 outputs the delayed 
fup signal N10 to the fdown terminal of the loop filter 
120 and the selector SEL2 outputs the delayed 
fdown signal Nil to the fyp terminal thereof, when 
the falling edge of the clock signal CLK is detected 
within the phase compare window generated for 
each falling edge of the input data signal Ds. 

Fig. 33 is a block diagram of a first application 
of the PLL circuits shown in Figs. 27, 29 and 31 . A 
D-type flip-flop FF is provided at the front stage of 
a PLL circuit 500 configured as shown in Figs. 27, 
29 and 31. The use of the flip-flop FF makes it 
possible to reduce the frequency of the input data 
signal Ds applied to the PLL circuit 500 to half of 
the original frequency thereof. When the frequency 
of the input data signal Ds is extremely high, the 
Interval between the adjacent edges of the data 
signal becomes narrow and a sufficient compare 
window may be not obtained. The configuration 
shown in Fig. 33 copes with such a case, and 
increases the edge-to-edge interval twice. Hence, a 
sufficient phase compare window can be obtained, 
and the PLL circuit can stably operate at a higher 
frequency. 

Fig. 34 is a block diagram of a second applica- 
tion of the PLL circuits shown in Figs. 27, 29 and 
31 . The configuration shown in Fig. 34 is intended 
to convert the serial input data signal Ds into par- 
allel data signals Dout(1) through Dout(n) by means 
of the PLL circuit 500 (a serial-to-parallel conver- 
sion circuit or a demultiplexer circuit). In Fig. 34, n 
D-lype flip-flops FF11 through FF1(n) form a shift 
register (which corresponds to the shift register unit 
330 shown in Fig. 24), and n D-type flip-flops FF21 
through FF2(n) form a data latch (which corre- 
sponds to the data latch unit 340 shown in Fig. 24). 
A frequency divider 510 (which corresponds to the 
frequency divider 350 shown In Fig. 24) generates 
the clock signal having a frequency equal to 2/n 
times that of the clock signal CLK output by the 
PLL circuit 500, and outputs it to the above flip- 
flops. With the above structure, it is possible to 
perform the serial-to-parallel conversion at the 



same frequency as that of the input data signal Ds. 

It is preferable that the configurations shown in 
Figs. 33 and 34 be formed on respective single- 
chips. 

5 The present invention is not limited to the 

specifically disclosed embodiments, and variations 
and modifications may be made without departing 
from the scope of the present invention. 

70 Claims 

1. A signal processing device characterized by 
comprising: 

a first PLL circuit (100) operating in syn- 
75 chronism with a serial input data signal; and 

a second PLL circuit (200) operating in 
synchronism with an external reference clock 
signal, 

an oscillation frequency of the first PLL 
20 circuit being controlled by the second PLL 

circuit. 

2. The signal processing device as claimed in 
claim 1 , characterized in that: 

25 the first PLL circuit comprises a first os- 

cillator; and 

the second PLL circuit comprises a sec- 
ond oscillator having a structure substantially 
identical to that of the first oscillator. 

30 

3. The signal processing device as claimed in 
claim 1 , characterized in that: 

the first PLL circuit comprises first means 
(110, 120) for comparing a phase of the serial 

35 input data signal with a phase of a first clock 

signal and generating a first control signal de- 
pendent on a result of a phase comparison, 
and a first oscillator (130) oscillating on the 
basis of the first control signal and a second 

40 control signal in synchronism with the serial 

input data signal, the first clock signal being 
oscillated by the first oscillator; and 

the second PLL circuit comprises second 
means (210, 220) for comparing a phase of the 

45 external reference clock signal with a phase of 

the second clock signal and for generating the 
second control signal dependent on a result of 
a phase comparison, and a second oscillator 
(230) oscillating on the basis of the second 

50 control signal in synchronism with the external 

reference clock signal, the second clock signal 
being oscillated by the second oscillator. 

4. The signal processing device as claimed in 
55 claim 3, characterized in that: 

the second control signal controls a first 
parameter which varies the oscillation frequen- 
cy of the second oscillator; 
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the second control signal also controls a 
parameter Identical to the first paranaeter and 
used to vary the oscillation frequency of the 
first oscillator; and 

the first control signal controls a second 
parameter which varies the oscillation frequen- 
cy of the first oscillator and is different from 
the first parameter. 

5. The signal processing device as claimed in 
claim 3, characterized in that: 

the first PLL circuit comprises a first non- 
stable multivibrator; and 

the second PLL circuit comprises a sec- 
ond non-stable multivibrator having a structure 
substantially identical to that of the first non- 
stable multivibrator. 

6. The signal processing device as claimed in 
claim 3. characterized in that: 

the first PLL circuit comprises a first ring 
oscillator; and 

the second PLL circuit comprises a sec- 
ond ring oscillator having a structure substan- 
tially identical to that of the first ring oscillator. 

7. The signal processing device as claimed in 
claim 3, characterized in that a frequency of 
the first clock signal is equal to 1/n times a 
frequency of the serial input data signal where 
n is an integer equal to or greater than 1 . 

8. The signal processing device as claimed in 
claim 3. characterized in that the first oscillator 
and the second oscillator oscillate at an iden- 
tical frequency in response to the second con- 
trol signal. 

9. The signal processing device as claimed in 
claim 1 , characterized in that the external refer- 
ence clock signal has a frequency lower than 
that of the serial input data signal. 

10. The signal processing device as claimed in 
claim 3, characterized in that the external refer- 
ence clock signal has a frequency lower than 
that of the serial input data signal. 

11. The signal processing device as claimed in 
claim 3, characterized in that a frequency 
range which can be varied by the second 
control signal is greater than a frequency 
range which can be varied by the first control 
signal. 

12. The signal processing device as claimed in 
claim 3, characterized in that the second PLL 
circuit has a loop gain greater than that of the 



first PLL circuit. 

13. The signal processing device as claimed in 
claim 1. characterized in that: 

5 the first PLL circuit is connected to a first 

power supply system; and 

the second PLL circuit is connected to a 
second power supply system different from the 
first power supply system. 

10 

14. The signal processing device as claimed in 
claim 3. characterized in that: 

the first PLL circuit is connected to a first 
power supply system; and 
75 the second PLL circuit is connected to a 

second power supply system different from the 
first power supply system. 

15. The signal processing device as claimed in 
20 claim 4, characterized in that: 

the first PLL circuit is connected to a first 
power supply line and a first ground line; 

the second PLL circuit is connected to a 
second power supply line and a second 
25 ground line; and 

the first parameter of the first oscillator 
controlled by the second control signal is a 
current flowing in the first oscillator from the 
first power supply line to the ground line. 

30 

16. The signal processing device as claimed in 
claim 3, further comprising latch means (300; 
302, 304, 306) for latching the serial input data 
signal in response to the first clock signal 

35 output by the first oscillator and for outputting 

the serial input data signal in synchronism with 
the first clock signal. 

17. The signal processing device as claimed in 
40 claim 3, further comprising: 

shift register means (310) for shifting n bits 

of the serial input data signal in synchronism 

with the first clock signal output by the first 

oscillator where n is an integer; 
45 a frequency divider (330) which outputs a 

third clock signal by frequency-dividing the 

first clock signal; and 

latch means (320) for latching the n bits of 

the serial input data signal output by the shift 
50 register means in synchronism with the third 

clock signal and for outputting the n bits in 

parallel. 

18. The signal processing device as claimed in 
55 claim 17. characterized in that the first clock 

signal has a frequency equal to or lower than 
that of the serial input data signal. 
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19. The signal processing device as claimed in 
claim 1, characterized in that the first PLL 
circuit comprises: 

phase comparing means (110) for compar- 
ing a phase of the serial Input data signal with 
a phase of a clock signal and generating a 
leading pulse signal and a lagging pulse signal 
dependent on a phase difference indicated by 
a result of a phase comparison; 

loop filter means (120) for integrating the 
leading pulse signal and the lagging pulse 
signal and for generating a control signal; and 

oscillator means (130) for generating the 
clock signal which has a frequency identical to 
that of the serial input data signal and is varied 
in accordance with the control signal, and 

wherein said phase comparing means 
comprises: 

first gate means (D, 0R1; D, EX-OR) for 
generating a phase compare window signal for 
each rising or falling edge of the serial input 
data signal; 

second gate means (N0R1, N0R2. D1, 
D2) for generating the leading pulse signal and 
the lagging pulse signal on the basis of the 
phase compare window signal and the clock 
signal; and 

detection/selection means (FF1, FF3, 0R2, 
SEL1, SEL2; FF1, SEL1, SEL2) for detecting 
an edge of the clock signal within phase com- 
pare window indicated by said phase compare 
window signal, outputting the leading pulse 
signal and the lagging pulse signal to the loop 
filter means without any modification when a 
predetermined first one of the rising edge and 
falling edge of the clock signal is detected, and 
for outputting the leading pulse signal and the 
lagging pulse signal, as a lagging pulse signal 
and a leading pulse signal, to the loop filter 
means when a predetermined second one of 
the rising edge and falling edge of the clock 
signal is detected. 

20. The signal processing device as claimed in 
claim 1 , further comprising a chip on which the 
first PLL circuit and the second PLL circuit are 
formed. 

21. The signal processing device as claimed in 
claim 3, further comprising a chip on which the 
first PLL circuit and the second PLL circuit are 
formed. 

22. The signal processing device as claimed in 
claim 15, further comprising: 

a first isolation area (352) which encloses 
the first PLL circuit; and 

a second isolation area (354) which en- 



closes the second PLL circuit. 

23. A signal processing device characterized by 
comprising: 

5 phase comparing means (110) for compar- 

ing a phase of a serial input data signal with a 
phase of a clock signal and generating a lead- 
ing pulse signal and a lagging pulse signal 
dependent on a phase difference indicated by 

w a result of a phase comparison; 

loop filter means (120) for integrating the 
leading pulse signal and the lagging pulse 
signal and for generating a control signal; and 
oscillator means (150, 160) for generating 

75 the clock signal which has a frequency Iden- 

tical to that of the serial input data signal and 
is varied in accordance with the control signal, 
and 

wherein said phase comparing means 
20 comprises: 

first gate means (D, 0R1; D, EX-OR) for 
generating a phase compare window signal for 
each rising or falling edge of the serial input 
data signal; 

25 second gate means (N0R1, N0R2. D1. 

D2) for generating the leading pulse signal and 
the lagging pulse signal on the basis of the 
phase compare window signal and the clock 
signal; and 

30 detection/selection means (FF1, FF3, 0R2, 

SELL SEL2; FF1, SEL1, SEL2) for detecting 
an edge of the clock signal within phase com- 
pare window indicated by said phase compare 
window signal, outputting the leading pulse 

35 signal and the lagging pulse signal to the loop 

filter means without any modification when a 
predetermined first one of the rising edge and 
falling edge of the clock signal is detected, and 
for outputting the leading pulse signal and the 

40 lagging pulse signal, as a lagging pulse signal 

and a leading pulse signal, to the loop filter 
means when a predetermined second one of 
the rising edge and falling edge of the clock 
signal is detected. 

45 

24, The signal processing device as claimed in 
claim 23, characterized in that the detec- 
tion/selection means comprises: 

third gate means (N7, N9) for an the edge 
50 of the clock signal within phase compare win- 

dow indicated by said phase compare window 
signal and for generating a select signal having 
a first level when a predetermined first one of 
the rising edge and falling edge of the clock 
55 signal is detected and a second level when a 

predetermined second one of the rising edge 
and falling edge of the clock signal is detected; 
a first selector (SEL1) receiving the leading 

14 
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pulse signal and the lagging pulse signal, out- 
putting the leading pulse signal to the loop 
filter means when the select signal is at the 
first level and for outputting the lagging pulse 
signal thereto as a leading pulse signal when 
the select signal Is at the second level; and 

a second selector (SEL2) receiving the 
leading pulse signal and the lagging pulse 
signal, outputting the lagging pulse signal to 
the loop filter nneans when the select signal is 
at the first level and for outputting the leading 
pulse signal thereto as a lagging pulse signal 
when the select signal is at the second level. 

25. The signal processing device as claimed in 
claim 23, further comprising means (FF), pro- 
vided in a front stage of the phase comparing 
means, for reducing a frequency of the serial 
input data signal. 

26. The signal processing device as claimed in 
claim 24, further comprising means (FF), pro- 
vided in a front stage of the phase comparing 
means, for reducing a frequency of the serial 
input data signal. 

27. The signal processing device as claimed in 
claim 23, further comprising: 

shift register means (FF1 - FF(n)) for shift- 
ing n bits of the serial input data signal in 
synchronism with the clock signal output by 
the oscillator means; 

a frequency divider (510) generating an- 
other clock signal by frequency-dividing said 
clock signal; and 

latch means (FF21 - FF2(n)) for converting 
the n bits of the serial input data signal output 
by the shift register means in synchronism 
with said another clock signal and for output- 
ting the n bits in parallel. 

28. The signal processing device as claimed in 
claim 24, further comprising: 

shift register means (FF1 - FF(n)) for shift- 
ing n bits of the serial input data signal in 
synchronism with the clock signal output by 
the oscillator means; 

a frequency divider (510) generating an- 
other clock signal by frequency-dividing said 
clock signal; and 

latch means (FF21 - FF(n)) for converting 
the n bits of the serial Input data signal output 
by the shift register means in synchronism 
with said another clock signal and for output- 
ting the n bits in parallel. 

29. The signal processing device as claimed in 
claim 25, further comprising: 



shift register means (FF1 - FF{n)) for shift- 
ing n bits of the serial input data signal In 
synchronism with the clock signal output by 
the oscillator means; 

5 a frequency divider (510) generating an- 

other clock signal by frequency-dividing said 
clock signal; and 

latch means (FF21 - FF2(n)) for converting 
the n bits of the serial input data signal output 

10 by the shift register means in synchronism 

with said another clock signal and for output- 
ting the n bits in parallel. 

30. The signal processing device as claimed in 
15 claim 26, further comprising: 

shift register means (FF1 - FF(n)) for shift- 
ing n bits of the serial input data signal in 
synchronism with the clock signal output by 
the oscillator means; 
20 a frequency divider (510) generating an- 

other clock signal by frequency-dividing said 
clock signal; and 

latch means (FF21 - FF2(n)) for converting 
the n bits of the serial input data signal output 
25 by the shift register means in synchronism 

with said another clock signal and for output- 
ting the n bits in parallel. 
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